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The measurements of the atmospheric radon daughters 
concentration in and out of the cloud were carried out 
on the top of the mountain, and in the upper air of the 
sea by using the airplane. The difference of the con-
centrations between inside and outside of the stratus 
measured on the top of the mountain was not clear. The 
atmospheric radon daughters concentration at the top of 
the mountain decreased when the amount of precipitation 
at that point was large. Concerning the cumulus inves-
tigated by using the airplane, the concentration in the 
cloud was a little higher than the concentration out of 
the cloud. Results of the measurements show that the 
cloud seems to be constructed of the various air masses 
whose radon daughters concentrations are different from 
each other even though it appears to be uniform. 
1. Introduction 
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The precipitation brings a great deal of radon daughters from 
the upper air of the sky to the ground surface by their scavenging 
effect l - 3 ). The radon daughters accumulate on the ground surface 
and increase the environmental gamma radiation near the ground 
surface by several to several tens percents of its normal leve1 4- 6). 
This increment is a serious disturbing factor for the environmental 
radiation monitoring that has to detect small changes in radiation 
caused by the trouble of the nuclear facilities or the fallout. 
The studies of the scavenging effect to the atmospheric radon 
daughters of the preCipitation are significant not only for the 
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increase of the accuracy of the environmental radiation monitoring 
but also for the investigation of the behavior of the other radio-
active nuclide and the atmospheric pollutant using the radon daugh-
ters as the tracer. 
The authors have studied the time variation of the radon daugh-
ters concentration of precipitation7,8). The concentration has 
been observed to fluctuate largely in a short tim~ period. The 
cause of its variation is considered to be that the cloud which 
seems to be uniform is constructed of various small masses of cloud 
such characteristics of which as the radon daughters concentration, 
the cloud base height and so on are different from each other. 
The scavenging effect of the preCipitation to the atmospheric 
radon daughters is said to be divided to two processes of rainout 
and washout. The rainout is the process in which the cloud drop-
lets in the cloud take the radon daughters as their nuclei when 
they form and grow, and the washout is the process in which the 
rain drops and/or the snow flakes capture the radon daughters on 
the way under the cloud when they are falling. The main process of 
the scavenging effect is said to be the rainout. According to the 
model calculation by Katase et al., the contribution of the washout 
process to RaB and RaC are estimated to be 20 % and 15 % respec-
tively when the preCipitation rate is 2 mm/hr, and 35 % and 20 % 
when the precipitation rate is 10 mm/hr9). 
But there is a doubt as to the contribution of washout process. 
The actual measurement of the radon daughters in and out of the 
cloud seems important for the exact study of the scavenging effect. 
There were a few measurements of the radon daughters in the 
cloud which were obtained from the studies of the vertical distri-
bution of them and the atmospheric trajectories by using them as 
. 10 11) the tracer by the alrplane ' . Those data, however, gave us no 
information on the scavenging effect. 
The authors measured the atmospheric radon daughters concentra-
tion in and out of the clouds on the top of a mountain. As the 
measured clouds on the top of the mountain were usually strati 
which spread in a wide area, the preliminary measurements using 
the airplane were made of several cumulus. In this paper, prelimi-
nary results of our measurements are described. 
2. Measurements 
2-1. Measurements on the top of a mountain 
The measurements of the atmospheric radon daughters concentra-
tion in and out of the clouds were carried out in four series: from 
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June 17 to 22 (series (A)), from July 4 to 11 (series (B)), from 
September 9 to 13 (series (C)) and from November 24 to 27 (series 
(D) in 1986. The series (A) and (B) were conducted during the 
rainy season, and the series (C) and (D) in autumn and early winter, 
respectively. 
The observation was made at the sm~ll cottage placed on the top 
of Kunimi-Dake mountain which is 656 m above sea level. This moun-
tain is located to the west of Fukui City and stands alone near the 
Sea of Japan. 
The measured atmospheric radon daughters were deposited on the 
membrane filter paper through which the air was passed by a pump. 
During the filtration, the filter papers were exposed to the open 
air directly. The alpha particles emitted from the deposited radon 
daughters were counted by a ZnS(Ag) scintillation counter after 12 
minutes filtration. The measurements were repeated every· quarter 
of an hour. The atmospheric radon daughters concentrations were 
calculated from the counts, assuming that RaA, RaB and RaC in the 
atmosphere are in radioactive equilibrium. 
The radon daughters concentrations of precipitation were also 
measured simultaneously in the series (C) and (D) with well-type 
NaI(Tl) scintillation counter. The detail of the measuring method 
was described in the early papers 7,8). 
2-2. Measurements using the airplane 
The measurements of the atmospheric radon daughters concentra-
tion in and out of the cumuli were carried out on November 17, 1986, 
using the Cessna-404 with twin engines over the Wakasa Bay more 
than 10 km away from the land. The same filter method was used in 
the aircraft. The altitude of the flight during the measurements 
was fixed to the height of about 1100 m above the sea. 
In addition to the measurement of the atmospheric radon daugh-
ters concentration, the gamma-rays intensity of the radon daughters 
and the atmospheric radon concentration were also measured. 
The air taken through the intake pipe of the airplane was passed 
through the filter paper with a pump. The alpha particles emitted 
from the radon daughters on the paper were counted by a ZnS(Ag) 
scintillation counter. 
The gamma-rays intensity was measured by using two NaI(Tl) scin-
tillator of 2"¢ x 2". The temperature of the scintillators and the 
photomultipliers was kept to 15°C. 
These measurements were carried out simultaneously and repeated 
inside and outside of the cloud alternately. Five pairs of 
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measurements were made for various clouds. 
The air samples for the measurements of the atmospheric radon 
concentration were collected in the Tedla Bag on the airplane. The 
measurements were carried out by the Electrostatic Radon Monitor 
IT (ERM IT) of Nagoya University at the laboratory of Nuclear 
Engineering. 
The six samples of air were collected during the first to third 
measurement procedures. 
3. Results and discussion 
3-1. Investigation of the atmospheric radon daughters concentration 
on the top of the mountain 
The clouds observed on the top of the mountain were almost the 
strati spreading over a wide area, and the observatory was often 
being covered with the cloud for a long period. There were several 
cases where the top of the mountain got into and/or out of the 
clouds while the rain was falling. 
Figure 1 shows the results of the measurements on July 10, 1986 
as an example for the period while the observatory sometimes got 
into and out of the clouds and the atmospheric radon daughters 
concentrations were somewhat different between inside and outside 
of the clouds. 
The atmospheric radon daughters concentration varied largely at 
about 02:00 hours. The variations of it and the weather '~onditions 
before and after 02:00 were as follows. At about 01:30, the cloud 
became dense and the atmospheric radon daughters concentration in-
creased. Soon, a heavy rainfall began with thunder and the concen-
rainy period 
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Fig. 1 Time variation of the atmospheric radon daughters concen-
trati~n at the top of the mountain on July 10, 1986. The 
periods while it was raining and the cloud was covering 
are shown by the horizontal lines in the upper part of 
the figure. 
155 
tration decreased. At about 02:00, the rain stopped and the top of 
the mountain appeared below the cloud. Then the atmospheric radon 
daughters concentration decreased suddenly. After a while, the top 
of the mountain was again covered with the cloud, and the concen-
tration recovered to the level before 01:00. 
This phenomenon was considered to be due to the fact that the 
top of the mountain was temporarily covered with the convective 
cloud during the period from 01:30 to 02:00 because the heavy rain 
was accompanied with the thunders. 
At about 05:00, the top of the mountain got out of the cloud and 
the atmospheric radon daughters concentration became a little low. 
During the period from 06:00 to 07:30, while the top of the 
mountain was covered with the cloud without rainfall, the atmos-
pheric radon daughters concentration was higher than before and 
after this period. 
In the case of the cloud from 12:00 to 14:00, when the observa-
tory got into the cloud, it had been raining already and the atmos-
pheric radon daughters concentration became low. It was concluded 
that the rain had removed some cloud droplets containing the radon 
daughters while the cloud was travelling to the measuring point. 
When the top of the mountain got into the cloud at 20:40, the 
difference of the atmospheric radon daughters concentration between 
inside and outside of the cloud was not remarkable as the concen-
tration showed the tendency to increase gradually from about 17:00. 
In respect to the strati observed on the top of the mountain 
during all series of the measurements, there were few cases in 
which the difference of the atmospheric radon daughters concentra-
tion were recognized between inside and outside of the cloud. 
When it was raining, sometimes the atmospheric radon daughters 
concentration in the cloud was lower than out of the cloud, as 
mentioned above. The rain is one of the important factors affect~ 
ing the variation of the atmospheric radon daughters concentration 
in the cloud because the rain removes the cloud droplets containing 
the radon daughters. 
When the cloud did not accompany rain, the atmospheric radon 
daughters concentration at the top of the mountain sometimes varied 
largely even in the uniform cloud. These facts indicate that the 
stratus which seems to be uniform is constructed of many small 
masses of cloud qualities of which are different from each other. 
This is the same conclusion that.was obtained by the studies of the 
radon daughters concentration of precipitation previously conducted 
at Fukui University7,8). 
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Fig. 2(a) September 9-13, 1986. 
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Fig. 2(a),(b) Time variations of the various factors measured 
on the top of the mountain. The atmospheric 
radon daughters concentration, the precipitation 
rate, the radon daughters concentration of the 
preCipitation and the period while the cloud was 
covering are shown. 
In the measurement series (C) and (D), the radon daughters con-
centrations of precipitation were also measured simultaneously 
with the atmospheric radon daughters concentration. The results 
of the measurements of the series (C) and (D) are shown in Figs. 2 
(a) and (b), respectively. These figures show the time variations 
of the atmospheric radon daughters concentration, the precipitation 
rate and the radon daughters concentration·of precipitation, and 
the period when the observatory was covered with the cloud or not.· 
As the arrows in Figs. 2 Show, when the precipitation rate was 
high, the atmospheric radon daughters concentration decreased. 
These phenomena are considered as the result of the scavenging 
effect due to the heavy rain. 
Figures 3 (a) and (b) show the relations between the radon daugh-
ters concentration in the atmosphere and the concentration of pre-
Cipitation for the measurement series (C) and (D), respectively, 
~ ~ :0 "I I I ~~! L_~~~1l~41 __ ~~!~ .. __ ~.l~~~I~~~~~A'UIA~~~IO~ __ ~~~ 
o 12 24 12 24 12 24 12 24 
in-cloud period 
o L-~~~~~~~~~~~~~--~~~~~ 
o 12 24 12 24 12 24 12 24 
Nov. 24 25 26 27 
TIME 
Fig. 2 (b) November 24-27, 1986. 
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(a) September 9-13, 1986. (b) November 24-27, 1986. 
In cloud from west-northwest. In cloud from north. 
x : In cloud from south-southeast. X: In cloud from northwest. 
+ : In cloud from south. + : In cloud from south. 
Fig. 3 Relation between the atmospheric radon daughters 
concentration and the radon daughters concentration 
of the precipitation at the top of the mountain while 
the cloud was covering. 
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during the period while the observatory was covered with the cloud. 
In these figures, different marks are used to make classification 
by the direction from which the clouds were blowing. 
The precise correlation between the two concentrations was not 
found in these figures. The radon daughters concentration of the 
precipitation may be affected not only by the atmospheric radon 
daughters concentration but also by the various factors such as the 
droplet content of cloud, the vertical distribution of the radon 
daughters in the cloud and so on. 
Figure 4 shows the overall trend of the influence of many mete-
orological factors to the variation of the atmospheric radon daugh-
ters concentration measured on the top of the mountain. When the 
variation is 0.5 Bq/m3/hr, the magnitude of the variation is indi-
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case of the concentration increase 
--_.: case of the concentration decrease 
Fig. 4 Trend of the influence of the meteorological factors on 
the variation of the atmospheric radon daughters con-
centration at the top of the mountain. The magnitude 
of the variation of the concentration corresponding to 
0.5 Bq/m3/hr is indicated as one unit, and the number 
of units is divided among the meteorological factors 
which seem to have connection with its variation. The 
distribution of the numbers of units for each meteoro-
logical factors added up during the whole measuring 
period is shown. 
CLOUD + The top of the mountain got into the cloud 
or the cloud covering there became dense. 
CLOUD The top of the mountain got out the cloud 
or the cloud covering there became thin. 
RAIN + The rain began to fall or became heavy. 
RAIN The rain stopped or became light. 
WIND + The wind began to blow or became strong. 
WIND The wind stopped or became weak. 
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cated as one unit, and the conditions of the meteorological factors 
on which their variation seems to depend are exhibited. When there 
are some plural meteorological factors considered as the causes of 
the variation, the number of units is divided among them. The 
numbers of units distributed to each factors are added up during 
the whole measuring period. 
From this statistical treatment, tt was found that the effect of 
the rain to the variation of the atmospheric radon daughters con-
centration measured at the observatory was remarkable to some 
extent. In many cases, when the rain began to fall or became heavy, 
the atmospheric radon daughters concentration became low, and when 
the rain became light or stopped, it became high. 
From Fig. 4, the atmospheric radon daughters concentration seems 
to have no statistical correlation with the covering of the top of 
the mountain by the cloud. 
Many cases were found that the variation of the atmospheric 
radon daughters concentration seemed to be influenced by the wind. 
But the effects of the wind are complicated and a study on them is 
now on the way. 
3-2. Investigation of the atmospheric radon daughters concentration 
in the cumuli using the airplane 
The atmospheric radon daughters concentration in the cumuli was 
investigated using the airplane over the Wakasa Bay of the Sea of 
Japan. 
Table 1 shows the results of the measurements. In the table, 
the atmospheric radon daughters concentrations, the counts of the 
gamma-rays and the atmospheric radon concentrations are listed 
according to the repeated measurements in and out of the cloud. 
Time Inside or outside Atmospheric Gamma-rays Atmospheric 
of the cloud radon daughters intensity radon 
concentration concentration 
(Bq/m 3 ) (counts/5min) (Bq/m') 
1 inside 0.765 :t 0.119 8705 :t 93 1. 009 ± 0.096 
outside 0.765 :!: 0.119 6430 ± 80 0.789 ± 0.117 
2 inside 0.765 ± 0.119 6140 ± 78 0.839 ± 0.140 
outside 0.690 ± 0.113 6239 ± 79 0.719 ± 0.130 
3 inside 1.175 ± 0.148 6190 ± 79 0.799 ± 0.117 
outside 0.653 ± 0.110 6112 ± 78 0.909 1: 0.147 
4 inside 1.063 ± 0.141 
outside 0.466 ± 0.093 5905 ± 77 
5 inside 0.802 1: 0.122 6209 1: 79 
outside 0.858 ± 0.127 6013 ± 78 
Table 1 Atmospheric radon daughters concentration, gamma-rays 
intensity and atmospheric radon concentration measured 
inside and outside of the cumuli using the airplane 
over the Wakasa Bay at November 17, 1986. 
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The first measurement in the cloud was made by circling in one 
isolated cloud which was dense and large. The other measurements 
in the cloud were made by getting into the several masses of cloud 
one after another, because there were not so large clouds after the 
first measurement. 
~he data of the track of flight and the wind direction and ve-
locity indicate that the third and fourth measurements were made in 
the same group of the masses of cloud and in an area to the north 
of them, where there were no clouds. 
For the third and fourth measurements, the atmospheric radon 
daughters concentrations look higher than those out of the cloud. 
Except the two cases above, the concentration differences between 
inside and outside of the cloud are less than the measurement error. 
Moreover, the atmospheric radon daughters concentrations in the 
cumuli were not equal to each other for the diff~rent groups of the 
masses of cloud. 
The count of the gamma-rays in the cloud was fairly higher than 
the count of those out of the cloud only for the first measurement, 
but the atmospheric radon daughters concentrations measured at the 
same time were not different from each other in and out of the 
cloud. The different phenomena between the atmospheric radon 
daughters concentration and the gamma-rays intensity were under 
investigation. 
The differences of the atmospheric radon concentrations' between 
inside and outside of the cloud were less than the measurement 
error. The radon is an inert gas and its behaviors in and out of 
the cloud are not expected to be different from each other. 
4. Conclusion 
The measurements of the atmospheric radon daughters concentra-
tions in and out of the cloud were carried out so as to investigate 
the rainout and washout processes. These processes are regarded as 
the main processes in which the precipitation scavenges the radon 
daughters in the atmosphere. 
The outlooks of the studied clouds at the top of the mountain 
were strati. The differences of the atmospheric radon daughters 
concentrations were not so precise between inside and outside of 
strati. The strati are considered to be constructed of many small 
masses of cloud whose radon daughters concentrations are different 
from each other even though their outlooks are uniform. 
The atmospheric radon daughters concentration decreased when 
the amount of the precipitation was large. 
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Precise correlation was not found between the atmospheric radon 
daughters concentration in the clbud and the radon daughters con-
centration of the precipitation measured·oon the top of the mountain. 
In the measurements done by the airplane, the measured clouds 
were cumuli. Several cases were found in which the atmospheric 
radon daughters concentration in the cloud was higher than the 
concentration out of the cloud. 
The studies of the mechanism of the scavenging effect of precip-
itation in and out of the cloud are important not only for the 
radon activity but also for the fallout phenomena. Further meas-
urements and studies are now planned. 
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